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Calmodulin-stimulated phosphodiesterase from bovine brain is inhibited by the fungicide 
chloraniformethan; the activity in the absence of calmodulin is not affected. The herbicide 
dichlofopmethyl enhances the basal activity and inhibits the calmodulin stimulation. 
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1. INTRODUCTION 
Calmodulin-dependent cyclic nucleotide 
phosphodiesterase (PDE) (EC 3.1.4.17) has been 
identified in various tissues, including bovine brain 
[l]. It is postulated that the PDE together with the 
adenylate cyclase regulates the cytoplasmic con- 
centration of the second messenger cyclic AMP 
[2]. Since the regulatory properties of calmodulin 
depend on the Ca2+ activity in the cell, the 
calmodulin-dependent PDE plays an important 
role in the cooperation between the two second 
messengers, Ca2+ and cyclic AMP. Thus, the 
regulation of a great variety of cellular processes 
depends on the activity of the calmodulin- 
dependent PDE. 
The stimulation of PDE by calmodulin can be 
inhibited by several substances, such as 
phenothiazines [3], local anesthetics [4], R 24571 
[5], and W 7 [6]. 
Here, we describe the effect of two substances, 
the fungicide chloraniformethan and the herbicide 
dichlofopmethyl on Ca-calmodulin-dependent 
PDE. Chloraniformethan inhibits the Ca- 
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calmodulin-dependent stimulation of the PDE 
comparable to the phenothiazine fluphenazine and 
to R 24571. Dichlofopmethyl stimulates the basal 
activity of the phosphodiesterase and prevents an 
additional stimulation by calmodulin. 
Chloraniformethan is a fungicide [7] which in- 
hibits the regeneration of flagellae in 
Chlamydomonas reinhardii (C. Fedtke, personal 
communication). Dichlofopmethyl inhibits several 
metabolic processes in plant cells, such as 
chlorophyll synthesis, photosynthesis and 
photosynthate translocation [8]. Both substances 
inhibit Ca2+ uptake into plant mitochondria and 
thus interfere with the regulation of the 
cytoplasmic Ca2+ activity [9]. 
2. MATERIALS AND METHODS 
All chemicals used were of reagent grade. Chlor- 
aniformethan and dichlofopmethyl were obtained 
as gifts from Bayer Leverkusen. Fluphenazine was 
obtained from Heyden, R 24571 from Janszen 
Pharmaceutical. Phosphodiesterase was prepared 
from bovine brain as in [lo]. Calmodulin from 
bovine brain was prepared as in [l 11. 
The activity of phosphodiesterase was determin- 
ed following the two-step method in [12]. Control 
experiments were carried out to make sure that the 
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pesticides had no influence on the alkaline phos- 
phatase used in the second step of the assay (not 
shown). The pesticides were dissolved in dimethyl- 
sulfoxide (DMSO), giving a final concentration of 
1% DMSO in the assay. The control contained 
always the same amount of DMSO. 
3. RESULTS AND DISCUSSION 
Chloraniformethan (fig.1) is a pesticide which 
has been shown to exhibit high antifungal activities 
[7]. Evidence has been given that it interferes with 
microtubule-dependent processes, such as inhibi- 
tion of the regeneration of flagellae in C. reinhar- 
dii (C. Fedtke, personal communication). This ef- 
fect is probably caused by an increase of 
cytoplasmic Ca2+ activity and not by direct in- 
teraction with microtubules [9]. 
In fig.2A evidence is presented that chlorani- 
formethan inhibits the stimulation of PDE by 
calmodulin, while the activity in the absence of 
calmodulin is not affected. Increasing the 
calmodulin concentration overcomes the in- 
hibitory effect of chloraniformethan. At a concen- 
tration of 1.2 x 10e9 M calmodulin, calmodulin- 
stimulated PDE activity is inhibited by 50% at 
about 2 x 10m5 M chloraniformethan. In the 
presence of 3.6 x 10V6 M calmodulin as much as 
3 x 1O-4 M chloraniformethan is necessary to in- 
hibit calmodulin-stimulated PDE-activity by 50%. 
We compared the effect of chloraniformethan 
with two well-known inhibitors of calmodulin- 
stimulated PDE, fluphenazine and R 24571 
(fig.2B,C). 
dichlofopmethyl 
chloraniformethan 
Fig.1. Structures of chloraniformethan and 
dichlofopmethyl. 
Fluphenazine inhibits calmodulin-stimulated 
PDE by 50% in the same concentration range as 
chloraniformethan (5 x 10e6 M fluphenazine at 
1.2 x 10m9 M calmodulin), while less R 24571 is 
necessary (4 x lo-’ M R 24571 at 1.2 x 10m9 M 
calmodulin). Increasing the calmodulin concentra- 
tion overcomes the inhibitory effect of these drugs 
similarly to the results demonstrated with chlorani- 
formethan. 
Dichlofopmethyl (fig. 1) is a herbicide which has 
been shown to interfere with auxin-dependent pro- 
cesses [13] and several metabolic pathways [8]. It 
also inhibits plant mitochondrial Ca2+ uptake [9]. 
Fig.3 shows that dichlofopmethyl in contrast to 
I r 
drug, M 
Fig.2. Effects of (A) chloraniformethan; (B) flu- 
phenazine; (C) R 24571, on basal (0) and calmodulin- 
stimulated activity of cyclic nucleotide phospho- 
diesterase from bovine brain at different calmodulin 
concentrations: (0) 3.6 /cM; (0) 36 nM; (0) 1.2 nM 
calmodulin. 3 munits PDE were used/assay. 
45 
Volume 152, number 1 FEBS LETTERS February 1983 
0”. 9 
0 1o-6 1O-5 
dichlofopmethyl, M 
Fig.3. Effect of dichlofopmethyl on basal (A) and cal- 
modulin-stimulated (0) activity of cyclic nucleotide 
phosphodiesterase from bovine brain. 
chloraniformethan stimulates the basal PDE- 
activity. At a concentration of about 2 x 1O-5 M 
the basal activity is stimulated 2-fold. At low4 M 
the stimulation is about 5-fold. At this concentra- 
tion the calmodulin-stimulated activity is decreas- 
ed to about 50% of the control. 
One may conclude that chloraniformethan and 
dichlofopmethyl modulate calmodulin-dependent 
enzyme activities. Calmodulin has been shown to 
exist in plants [14] as well as in fungi [15]. At pre- 
sent we cannot decide whether the fungicidal and 
herbicidal properties of these substances are due to 
the interference with calmodulin-dependent pro- 
cesses. Both substances may serve as tools suited to 
investigate calmodulin-mediated reactions in the 
intact cell. 
ACKNOWLEDGEMENTS 
We thank MS Angelika Schaefer for excellent 
technical assistance. This work was supported by 
the Deutsche Forschungsgemeinschaft (SFB 46, 
Teilprojekt C 4), by the Stiftung Volkswagenwerk 
and by the Bundesminister fiir Forschung und 
Technologie (01 QV 31&ZA/WF/WRK/0275/5). 
REFERENCES 
111 
PI 
t31 
[41 
PI 
161 
(71 
Bl 
191 
1101 
1111 
WI 
1131 
v41 
1151 
Cheung, W.Y. (1970) Biochem. Biophys. Res. 
Commun. 38, 533-538. 
Wang, J.H. and Waisman, D.M. (1979) Curr. Top. 
Cell Reg. 15, 47-107. 
Levin, R.M. and Weiss, B. (1976) Mol. Pharmacol. 
12, 581-589. 
Volpi, M., Sha’afi, R.I., Epstein, P.M., 
Andrenyak, D.M. and Feinstein, M.B. (1981) Proc. 
Natl. Acad. Sci. USA 78, 795-799. 
Van Belle, H. (1981) Cell Calcium 2, 483-494. 
Hidaka, A., Sasaki, Y., Tanaka, T., Endo, T., 
Ohno, S., Fujii, Y. and Nagata, T. (1981) Proc. 
Natl. Acad. Sci. USA 78, 4354-4357. 
Buczacki, S.T. and Cadd, S.D. (1976) Ann. Appl. 
Biol. 84, 43-50. 
Chow, P.N.P. and LaBerge, D.E. (1978) J. Agric. 
Food Chem. 26, 1134-1137. 
Hertel, C. and Marmk, D. (1983) Pest. Biochem. 
Physiol., submitted. 
Klee, C.B., Crouch, T.H. and Krings, M.H. (1979) 
Biochemistry 18, 722-729. 
Jamieson, G.A. and Vanaman, T.C. (1979) Bio- 
them. Biophys. Res. Commun. 90, 1048-1056. 
Cheung, W.Y. (1969) Biochim. Biophys. Acta 191, 
303-3 15. 
Shimabukuro, M.A., Shimabukuro, R.H., Nord, 
W.S. and Hoerauf, R.A. (1978) Pestic. Biochem. 
Physiol. 8, 199-207. 
Dieter, P. and Marme, D. (1980) Proc. Natl. Acad. 
Sci. USA 77, 7311-7314. 
Ortega-Perez, R., Van Tuinen, D., MarmC, D., 
Cox, J.A. and Turian, G. (1981) FEBS Lett. 133, 
205-208. 
46 
